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ABSTRACT

Two transformations are derived in this paper.
One is a mapping of a unit square onto a surface and
the other is a mapping of a unit cube onto a three-
dimensional region. Two meshing computer progrfmns
are then discussed that use these nlappings. The
first is INGEN, which has been used to calculate
three-dimensional meshes for approximately 15 years.
This meshing program uses an index scheme to number
boundari es, surfaces, and regions. Uith such an
index scheme, It is possible to control nodal points,
elements, and boundary conditions. The second is
ESCHER, a meshing program now being developed. Two
primary considerations governing development of
[SCHER are that meshes graded using quadrilaterals
are required and that edge-line geometry defined by
Computer-Aided Oeslgn/Computer-Aided Manufacturing
(CAD/C~) systems will be a major source of geometry
definition. This program separates the processes of
nodal-point connectivity generation, computation of
nOd(Jl+IOlnt mapping space coordinates, and mapping of
nodal points intu model space.

INTRWWTION

rhe purpuse of this paper is to discuss ‘nappinC
nwthods used to generate three~imensional tntshes.
tlappiny methods hav? been used by researchers for
more than d decade to generate three-dimensional

‘Cs’es%%l” -The un mne,tal concepts of a meshing computer
program that ~ses mapping methods are the surface and
three-d irrens.ional region mapping transformations,
These are derived and discussed in the &neraturs
section a~ thr first author remembers their develop-
ment during t+e years 1967 through 1972 (see the
Appendix). This is accomplished by defining a botfy
or normal coordinate system, then deriving two- and
three-d lmenstorlfll conrctinatp transformations between
the body coordinate system and the cartesi~n cocmll-
nate systenl, This e>tahlishes d mapping of d unit
square onto a surface and a unit cube onto a three-
dim,?n>ion:l r~yiun,

‘~IC IWIN M:’shing Lonputer Program section
detcribu$ th!+ Lechniqw% used to generate three-
dimrn~lunal meshei with the INGIN computer program,
IWh and its predecessor hav~ beun gc?neratiny three-
rltmensiondl meshl,s for Lhe past. 15 years,

TWU mesh{~$ are tlwwn thal are generdtud with
lNli}N and dl’iplayed with GRAPE 4 . 10 use any nwsh-
lny computer pruyram Pleff!?ct W y fur yl!llt?t”dtiny
tllrll(!-dilln!rl~iullal me>hrs, a graphic~ computer program

i% rvqulrt?d tu IJlspldy th? ITW>II, The cms use,! at
th~’ LU’I ~lar,w’, Nntlcl]dl Laburatury ar{’ MUVII dFvrl-
upo(l by Ik,flry 01r15ttafl\rfl of llriqhdm Vuutlq Wllv(*r-

I.lly and GRAI’I dIIVIIlUpI*LIby Iiruct! Brown uf Lawr(ln(r
I iv(!rlnorv Nationfll Idl)ordlory” (GkAIJl If fl modlfird
vprslon III M(IV]Ij,

1’“.
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The ESCHER Meshing Computer Program section
describes the techniques used to generate three-
dirnensional nn?shes with the ESCHER f mputer program.
This is a new computer program unak development at
LOS Alarnos. This computer program dli.o uses mapping
methods and has its own graphics.

The following terms will be used in this paper.
Grid point - a calculated point that defines
geometry.
Nodal point - a geometric point that defines an
element in the finite+lement met.hod. Noda 1
points are defined us’ng grid points.
Boundary edge - a line that defines the bouncldry
of a surface. This need not be a discontinuous
line.

GENERATORS

In this section, body coordinates are defined,
and a transformation is derived for both a surface
and a three-dimensional region,

Consider the two-dimensional region sh~wn if)
Fig, 1. This region can be defined by tw~ coordindtc
systems. (jne is the cartesian coordinate system and

the other is a nonorthogonal coordinate sy5te:l’,
called IIody or normal coordinates (~ ,n). The Dody ur
normal coordinates ?re normalized such that tb,:y VLII’Y
between O and 1. Thus, when ‘ or ,1 is either U or ],
a boundary of the region is designated. A coordin,l:,,
transformation between these two courdlnale svstrn!~
X(r ,,1) drd y(r,,n) cdn be defined as fulluws.
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8 Four boundaries are designated for a region.
TWO opposite boundaries must be straight
(Boundaries 3 and 4 in Fig. 1) and tile
remaining two may be curved (Boundaries 1 and
2 in Fig. 1). The curved boundaries are
designated as x(E,O), Y(E,O! far hun?lary 1
and x(L,I), y(E,l) for Boundary 2.

● A linear transformation 1s defined as a
transformation that defines n equal to a con-
stant uith’!n the region as a linear conrblna-
tion of the two curved boundaries. Thus,
constant values of n will evolve from the
shape of one curved boundary to Li,m shape of
the other curved boundary as n vari:s from O
to 1,

This linear transform~tion is

X(:,n) ■ (1 - II) x(’,O; + n X(r,l) and

y(~, nj - (1 - n) y(’,,0) ‘n y(’l,l) . (1)

Mding the z coordinate z(’.,n) makes the transforma-
tion valid for a three-dimnsional surface. Thus,

Z(’.nj = (! - n) 2(’,0) + O ?(’,1) , (2)

Using this transformation for a surface genera-
tor, d compuler progrd was developed fl]r generating
three-dinv?nsional meshes ?t Thiokol Corporation in
1967 (see the A@Pendlaj.

A mesh wah calculated for the rpgion shoun in
Fig. 1, and this mesh is st:own in Fig. 2 (~’ - 1/12
and An - ]/]0).

In 1969, we want~rl 10 gvnerdlize this tr~nForma-
tionm Thus, the criteria ~L ddopttd were as ful lows.

●

o

●

Ali fOur boundaries ~.an be curved, and all
four boundaries wili be equally repres&nted
in the lransformatiun.
lf dIIY two oPDoSlte sides are Strdlght, the
trdnsforpd~l~n will recluLv to th? transforn]d-
tion rep~esehted by Eqs, (1) and (2).

For constanl ‘ or constant n, the interior

shapr~ Wl]] be IS Combln,ltlon if the bounds.
rie~. Tnus, the interidr points for ‘ ~un-
Starlt wIII he d Combindl ion of the bounddriek

X((),l l), Y(l-l, n), Zl:l, !l), awl x(i, n), Y(l, n),
anu z~l,n). Fur n cons:ant, tile inttt-ior

points will be a combination of the bounda-
ries X(c.o), Y(c.o), z([,13) a~d X(E,l),
y(~,l), 2(Z,lj. Hhen either C or ~ is con-
stant, the interior points will evolve from
the shape of one boundary to the shape of the
opposite boundary.

Using the first transformation (Eq. (l)) and
Fig. 3. the transformation can be derived for four
curved boundaries as

x(~,n) ■ (1 - n) x(I,o) ‘n X(~,l) -(1 -’) AX(o, n)

1+E Ax(l,ll ,

Y(c*n) - (1 - n
-(AY

where

AX(o,n) = [(1 -
Ay(O,n) = y([l,n
AX(l,n) - x(l,n
Ay(l,t’1)m [(] -

Si~lifying

Y(:, G/ + rly(:,l) + (1 -’) hy(o,ll)
l,n)

n) X

-1-,

n) Y

,

fro) + n x(O,l)] - x(O,n) ,
- n) Y(O,O) + n y(O,l)j (3)

1- n) x(l,O) + m x(l,l)j ; and

1,0) + IIy(lml)] -y(l,n) .

X(:,rl) m (1 - n) ~(;,LJ) + n~(:,l) +
+ ‘X(l,n) . (l’) (l-n)

-’ (1-7- (1 -’)n X(lJ,l
-! n X(1,1) ,

Y(”

Ag a

n) = (1 - 0) Y(”.o)
‘J(l,ll) - (

:(l-’)ny(o

r Ily(l, l)

II, wh~ n

‘ny(”,l)+
-~) (1-11)

1)- ’(l-n

1-” ) X(U,,4
1(0,:!)

X(1,:,

:4,

1-” ) y, i,”
y(u,u,

y\;,.l

Z(”,ll) = (: - 1,) Z(”,ll) + n 2(”,1) +
4“ z(l,rl) -(1-”) (1-n)
- (1 -’ ),, Z(u.l; - (1 - rlJ 1(1,11; (~)

1-’ ) 7(..,,
21,[1,.))

: n 2(1,1) ,

these transformation equdtlon’l cdn be ApIJll~d [U a
three-dlmen~!onal s’JrfaL!’. ~)! lLF Ihal t~,eie trdFl\-
formation equatluns s,ltlsfv t5u crlterld we dUI]~’IILI

for a generdll led !tUrfdL[l l@Jn$furmdtlr Jfl.

,’, alo,,l
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A mesh was calculated for the region in Fig. 3
and this nw?sh is shown in Fig. 4 (AC ■ 1/12 and ArI .

1/14).
Given the grid points on the boundary edges, the

body coordinates (C,rI) can be calculatecI.This is
accomplished by calculating the length of the lines
between grid points and then normalizing with respect
to the total boundary edge length. Thus, L and ~
vary between O and 1 on each boundary edge. This can
be considered a mapping of a unit square onto a two.-
,Iimensional surface.

Consider the three-dimensional region shown in
F I. 5. Again, this region can be defined by both
th cartesian coordinate system and the body coordi-
nate system (C,II,Y). A linear coordinate transforma-
tion between these two coordinate systems (x(c,n,y),
y(~,n,7), and Z(r.,l-I,T)) can be defined using the fol-
lowing criteria,

@ All 12 boundary edges can be curved and each
is equally represented,

● The three-dimensional transformation reduces
to surface transformations similar to
Eqs. (4) and (5) when any one of the body
coordinates is either 0 or 1.

T!,us, a linear transformation that satisfies these
criteria is

~(’.,lY,Y) = (1 - 11) (1 - y) X(!,, o,o)
+rl(l- 7) X(:, l,o) + (1 - rl) y X(”,u,l)

+ ny ~( :,1,1) + (1 - ‘) (1 -y) x(Ll,n,O)
+ ~ (1 - y) X(l,ll, o) + (1 - ‘) y X(o,ll,l)
+ : y X(l,II,l) + (1 - ‘) (1 - n) X(U,LI,Y)
+’(1 - 11) X(l,O,Y) ● (1 - r) n R(U,l,Y)
+. nx(l,l,Y) + C(’,n17) ,

- ‘) (1 - n) (1 -y) X( O, O,LJ)

(1 - n) (1 -T) X(l, o,o)
- ‘) n (1 -y) X((J, J.U)

q (1 - T) X(l,l,u) (6)
- .) (1 - r) y X((J,(),l)

(1 -rr) Y X(l,o,l)
- ‘) n., X(u,l,l;
n~ n(i,l,l) .

Fig. 5 Cartesian and body coordinate systems for ~
three-dimensional region

Also, y(’,n,y) and z(’,II, Y)are similar. ThI\ tran\-
fo,mation can be written ~n ter’~s of surfact~ d$ fol-
lows:

x(”,~,y) . 1/2 [(i - n) X(!,LI,Y) + n X(’,lOn)
+ (1 - .) x(o,rr,T) + : x.(l,n,Y)

+ (1 -T) X(’,n,U) +Y x(’,n, l)J 1,/)
+ 1/4 C(”,n,y) ,

where y(~,n,l) and z(”,~,,Y) are similar.
Figure b shows a rnesn Lnat wa~ L.alcJl~.I,d fo-

the three-dinwnsional region shown irl IIJ. !, (h’

- 1I1O, An = l/lu, and AT - 1/10).
This transformation, [q. ‘1), can [jr C,IIIS,IJI’VIJ;

as a mapping from a unit cul;~ just d5 Lh(’ idrfd[.,
transformation was i mapping frum a unll squarl’i

f !IJ.4 A twl)-lj t:lhIIl\l(lfl,ll lYWJ\h Of I iq. ,!



In 1973, U. J. Gordon of General f40tors Research
Laboratories infomed the firSt author that these
transf ormat ion equations had been dei’ived by
S. A. Coons several years earlier~.

He rely on user intervention to correct mapping
errors rather than Insist on perfect mapping algo-
rithms. Occasioniilly, the mapping of a part into the
real space will have undesired results. Same grid
points may be generdted outside the intended part
boundaries. The user corrects such a problem by
either redefining the region of error by subdividing
the region. into simpler regions or by introducing
auxiliary constraints on the mapping a; suggested by
Gordon and lfall ~. For an example, see Fig. 7.

THE INGEN MESIIING COWUTER PRWW

Q
INGEN 6 and its predecessor have been in exis-

ten~e for years. we the Ap~ndix for a history
of this computer program, In this section, we dis-
cuss the philosophy used to develop this msher,
describe the methods used for calculating body coor-
dinates on a unit square and in a unit cube, and
define an index scheme and discuss its USP. Also,
two meshes are shown.

The philosophy involved in developing a nodal-
point mesh is to distribute the grid points according
to the anticipated variation qf the field variables.
Fur large gradients, the grid pfJlnL~ should be dense,
And for small gradients, the grid points should be
sparse. Therefore, when generating a IWsh, ;t is
nece~sary to make an estimate of how the field varia-
bles change in the different r~gions of the proDlem.
The user of the lffiEN computer program e~tdblishes
mesh grading for his gradient estimate hy tyne,rating

the boundary edges of the mesh with the aesired spac-
ing of grid points using the boundary~dge genera-
tors, dnd then by using surface and volume (three-
dimensional region) generators, both of which preserve
this spacing, Tne surfacd-grid-point generator pr6-
serves this spdc.ing by using the grid points as the:

dre distributed along the boundary edges ds tne
criteria for SpdClfICJ the surface grid pOlnt5. Simi-
)arly, the volume-grid-point generator CdlCUlJte5 the
interior grid points using the surfdre yrld pcint: as
the Crlterid for spacing the interior grid points,
lJslng these generated grid points, the desired nc.ldl
points dnd elements are then cal~ulated.

The unit square concept in the Generators sec-
tion is very useful in determining ! and ~ for grid
point$ on the surface. The dpprfIdCh thlt was used in

P1 wds to draw Strdight lines between opposite
oundarlet of the unit
scctlorl c%tablithcd a

square, and the puint of inter-
1 and h for a g?id point (see

I

.Or{ll ,!,.s !..,.!
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Fig. 8). This appro?ch requires the limitation of
having the same nunber of grid points on opposite
boundaries. For details, see 1 . Once the surface

Pbody coordinates are defined, t e surface grid points
are calculated with transformation Eqs. (4) and (5).
The unit cube concept In the Generators section Is
very useful to find coordinates C,n,T for calculating
interior grid points for a threedi~nslonal region.
The approach that was used In

9
1 was to draw a

straight line between opposite boun aries of the unit
cube and the point that was the minimum distance to
the three lines establishes a E,m,Y for a grid point

(S= Fig. 5). Hith the body coordinates defined, the

interior grid points are calculated with Eq. (7).
The index scheme is an ifitegral part of the

INGEN meshing computer program. If i Index counts
the grid points in the ~ coordinate direction,
j index counts those in the n coordinate direction,
and k index counts those in the Y coordinate direc-
tion. Then when only one of the indexes changes, a
boundary edge is designiited. Uhen two of tne inde?,es
change, a surface is represented, and when all thr!e
indexes change, a three-dimensional region is desig-
nated. This makes it very easy to program problem
constraints or boundary conditions that are needeo
along d boundary edge, on a surface, or throughout a
three-dimensional region,, Also, with this inaex
scheme , it is possible to check to see if the input
is car,~letc for the boundary edge generators, surface

generators, and volume generators. Another use of
this index scheme is to decide when to form noaal
points from grid points. For example, consider tne
three-dimensional parabolic element.

● Uhen dll three indexes are odd, tne g,ld

point is a corner nodal point.
● Uhen two ind~:xes are evel dnd one indei 1s

odd, there is no noddl point at that p~lnt.
o Hhen d~l three indexes are eveil, the grid

point is a center point and may or may not be
irnodal pulr.t as desired,

o dhen inn i;ndexes are odd and one even, tne

grid polnL is a midside nodal poinl , fl may
be eliminated or centered as desired.

● DePendlng upon which index (i, j, or <) is
the even index, the midside nodal points mdy

be e!imindteu on a preferential bdsis.
Two rmshes will be shown that have her?n gener-

ated using tne INGEN meshing computer progran and
displayed with the graphics computer progrfim W,A1’E.

~t’ first of these meshes ii a 3Wdeg segmenl of
a prestressed concrete redctor vessel desigr,ed by
Generdl Atomic of La ~l~d, California, a few years
aqo. This mx?sh was generated with INGEN and is shown
in Fig. 10. The hOrlZOIItdl and verlicdl piping are
of soeclal inl.crest in this nmde], Ihls modol wa>
analyzed for stress distribution using the N(INYW-L
camputer program Q,

Another ‘besh generated with lNGEN is I three-
dirnensional model of a controlled thermonuclear rPa~-
tor experiment. lhis experiment is being studied at

LoS A1.ums dlld is shc,:n in Fig, 11. This m~del nd>
analyzed for magnetic field distribution using the
NONSAP cc+nputer prog,’am H .

R
Of special interest 15

the geometric spacing o he nodal point> in thl$
~st),

In thi$ secliun, we disLus\ tho us{! UI budy

coordinate trdnsfurmaLion functions in thr IIIU<II qtilI-

●rdtur LSLI+LH. The rholc~ of using a mappiny methud

to devrlup t.hLlitlf fullowml dn analysli of Uur currtint
drld futurt’ meshiug need~. 11 i< therefurc bentfiLial

Lu disLu+\ the cun~ept~ ctrntrulling th: devvlupment
uf LSLIILK that led tu the choice of a mapping
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Fig. lb Pre Stre SSed ;:.mcrete redctw vessel (3&deg

segment) mesn (iffiEh)

me:h~d. de emphdslze our phll~scsphy of ectge-swfdce
geowLry spe~lflca~lar and its relationship to our
appllcatiorlm UC present examples of new mesh grddlng
methods tlidl r,-iy .,q ~0~) cnor~lpate transfer.maLlorl
functions,

E5LH[~ i> an In:efactive computer proqrdm for
generating two- ano three-dimensional nnssnes frum
geometry dd:a recelvea from CAU/CAM systems, other
geometry inp,t files, and interactive input. F.ltnougn
the lrte-fd e system .tlll undm development, it
is our lnl,mt to use the lnillal Uranhics Exchange
Specificatlm ~IGE$J 9) file format to transmit many

+of the re~.ireci georne ry ddtd to [SCH[R. Ue have
chosen thth IGELI format because we believe tha’ it
will DII >~pported by most of the CAD/CNl systems that
we w1lI interface to for the nelt 7 to lLI years.
Speclflcally, we expect CAD/CAM gecrrretry to be
exPreJsed as edge lines during this tree. A second
de>lgn objective for [iLHER is to pro.lide more flexi-
ble mesh grading technique~ than those available in
the mesh generators that we now u>e. This is requind
so that we can better distribute grid poin:s according
to anticipated variation of field variables. He

/’ .“$

Fly. 11 L’ntrul led thermonucl~~r reaclur expcrimwnl.
mP\h (INCI,N)

require that a nonambiguous meshing be established
even for regions in which difterent nutiers of ele-
mentf are specified along region boundaries. The
anticipation of receiving edge-line geoanetry specifi-
cation from CAD/CAM systems and the ability to define
flexible gr3ding tect!niques influenced US In choosing
a mapping method for ESCHER.

The first design criterion that resulted in the
choice of a mapping method for ESCHP7 is that geome--
try will be specified as ●dge lines. The edge lines
cmw from CAD/CAM systems, from geometry input files,
and from interactive input. Mapping methods, which
require ●dge gecnmtry to generate region geometry,
are the l~glcdl choice for gecmetry completion under
these conditions. I@wever, there is a fundamental
limitation to geomtry specification with edr)e-
defined geanetry, !n reality, an edge is the inter-
section of surfaces; a surface is not an intersection
of edges, In practice, this limitation has not been
severely restrictive. The user defines a part by
specifying the edges surrounding the part and by
specifying the number of elements required along each
edge. He believe that automation is required for
this step so that the users’ input w1ll be minlmlz.?cl.
For a gi~”en topolcgy, t,ere is a prescribed order in

whIctI edges must be specified, Figure 12 presents
the patterns that can be used to combine edges into

parts. T’heSe patterns are reduces LO quad:”ildterals
and cuboicls before the mapping method 1s used to me>’)
the part. The specidl purpose 3-D volwnes have no:
yet bee,, developed. ESCHFR creates an lnter,lal
description of a pdrt by computing vertex points at
the intersections of the specified edge llr,e$. Ldges
are then defined to be pardmtric eq~atlor,s of thk
edge lines defined between tne vertex POIIIL (the
parameter being nomnalizecl arc l~ngtn). The verta,
locations thus become corners of a unll square or d

unil cube for the mapping function to be u~ec for

internal part gemnetrj defin,ticm. Th’$ par~-,,l:&~.-
izat ion, along with the mapping [rdnsfom,a:~t~r;$ ,,;w, I.

f led in the rienerators section, Drouldes ~ .,I:’:lti:I;
description of tht edgedef ined part.

Th~ seconcl desigr, criterion that resulleu in tn~.

ChOlce of a mapping method for [SCHL2 1s tha[ me-,.
flexible mesh grading techniques than aru n~m av~ll-
able to us are required, Our implementation of mesh
grading is inspired by (and resembles sometind:) d

technique by lmafuku, Kodera, and Sayawakl
h
IL)’, The

difference from their technique is cause our

desire to grade with quadrilateral~. He ?O1{CIW a
three-step procedurp in gener.dtlng a gradt=d mer,~):
(1) we generate node connectively, (i’) we com,]utr
nodal coordinate~ in the mapping space, and (J) wv
map the nodal coordll,ates intu the model space.

Flexibility of mesh grddlng wlthln L5L H:rl
results from th~ separation of nodal connectivity
grnerttion into a distinct step. He cdrl vdflly
insert ntw grading algorittml:, based on nod I1
connectivity. It 1! an exerciie lrl lnductior] :(I ,;,,,~

mm .m. . . CO-m.... ..#. am, ... ● “..”,,

● .av. cmm m . .. ..mnm * c .0, ..,,



that any region to be meshed with quadrilaterals must
have an even nuher of element<dge to region~dge
contacts. Uithin this restriction, there are a great
number of useful mesh grading possibilities. Fig-
ure 13 presents a s~le of the ush grading capa-
bilities that we have developed to date. Thrce-
dtmensional topologies considered so far are replica-
tions of the two-dimensional topologies into the
third dimension. Figure 14 presents a typical graded
mesh for a three-dimensional part. In generating
tnese mesh connectivities, we maintain two topologi-
cal attributes of the nodal points: corner-ode and

edge-node. We must know corner-node positions in
mapping space and we must know to which edge an

edge-node belongs. Additional information is not
needed to compute nodal coordinates in the niapping

space.
The second step in generating a mesh on a part

is ~ornputing the nodal cooriilnates in the mapping
space. He do this by relaxing the nodal coordinates
in tne mapping space so that each noclh] position ic

the average of its neighbor nodal positions. Con-
straint on this process are that cornerAode5 are
not allowed to move and edge-nodes must remain on the
associated edge.

The thira step in generating the grhded mesh is
to map the nodal coordinates of the part from tne
mapping space into the model space. Direct implemen-
tations of the mappings of the &enerators section are
used without relying on surface generators for three-
dimensional mapping.

He rely on interactivity to correct model gewr,-

etry faults. Baumgart ~ has suggested a method
for creating shapes by Uslny whet he calls Euler

Ot)JeCLS. He bJses his construction on Euler’s rule
Specifying tile nomber of face~, ed;~s, and vertices
in a oolyh~drun. de nave used some of I’Ilsideas for
ud~a managewnt wlthln tne program, but have left the
user as the final Judge of geomef.rlc corrt=ctness and
completeness.
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Fig. 14 A three-dimensional mesh using one-dlreccl~n
refinement
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APPENDIX

HISTORY OF THE MESHING COMPUTER PkLBRAM INGEN

The INGEN computer program had its origin in 1967
at Thiokol Corporation, Uasatch Oivision, Brigham
City, Utah. O. H. Lee, a scientific progransner, and
W. A. Cook, a mathematician, developed a three-
dimensions’ meshing computer program for generating

finite-element data for stress analysis of Minuteman
rocket motors. This msh had several limitations,
and in 1970 the Air Force Rockel Propulsion Labora-
tory, Edwards Air Force Base, California, under Con-
tract F04611-70-C-O~B, financed the development of
another rr.eshing computer program. This new ccnnputer
program was again developed by Lee and Cook. Later,
E. C. Oickson, also a scientific programmer at
ThiOkOl Corporation, added several significant
features to this cmnputer program. 1P 1974, COoK
became a staff mnber at the Los Alamos National
Laboratory and brought the Thiokol meshing computer
program with him. V. J. Orlicky of the Los Alamos
National Laboratory converted this nv?shing computer
program to the CDC 7600 co+nputer and named it INGEN.
During the last eight years, several additions have
been made to INGEN by Cook, P. D. Smith. and
L. M. Carruthers. These have been supported by the
US Nuclear Regulatory Con’snission, Div+sion of Reactor
Safety; Energy Research and Development Administra-
;;;;~y, (~ontract W-7405 -ENG.36); and Department of

Oiv~sion of Military *placations. The
development dur,ng the last eight yea-s has been a
small effort, and in 1982, the computer program 1s
only 4200 llles (including conmrcnts).


